The activated sludge biodegradability of 12 commercial phthalate esters was evaluated in two test systems: (i) a semicontinuous activated sludge test and (ii) an acclimated 19-day die-away procedure. Both procedures demonstrated that phthalate esters are rapidly biodegraded under activated sludge conditions when loss of the parent phthalate ester (primary degradation) is measured.
The biodegradability potential of a broad range of commercial phthalate esters (PAEs) has previously been established (5), using a CO2 evolution screening test. However, the PAE biodegradability in activated sludge systems that model a wastewater treatment plant has only been examined for a limited number of PAE compounds (3, 6) . To determine the biodegradability of these compounds under activated sludge treatment conditions, 12 PAE composite samples representative of major commercial PAE products were tested by the semicontinuous activated sludge (SCAS) test recommended by the Soap and Detergent Association (4) followed by a 19-day die-away procedure recommended by the U. S. Environmental Protection Agency (7), using the acclimated sludge from the SCAS procedure.
General method. An SCAS (4) procedure was used for acclimation and to determine 24-h biodegradation, and the acclimated mixed culture from the SCAS procedure was used in a 19-day die-away test (7) . The procedure was initially designed to be used with chemicals that were water soluble enough so that dissolved organic carbon could be used to determine percent removal. Because of the low water solubility of some of the PAEs, the method was modified to allow for direct chemical analysis of the PAE.
Besides biodegradation, volatilization and adsorption may be important removal processes in SCAS units, and these processes need to be eliminated to demonstrate biodegradation. Volatilization was not considered important in the SCAS units because five PAEs, including four PAEs used in this study (see Table 1 ), were tested for volatilization from SCAS units by Saeger and Tucker (3) . They examined the off-gases from the SCAS units which were passed through three hexane scrubbers. Less die-away were very close to the nominal concentration, indicating that the PAE was evenly distributed throughout the SCAS units and not adsorbed on the glassware. Since aliquots of mixed activated sludge were analyzed periodically to determine biodegradation, any PAE adsorbed to sludge would have been analyzed and not counted as biodegradation. Therefore, since adsorption to glassware or to sludge is eliminated as removal processes, the loss measured by the analytical procedure is due to biodegradation.
Daily operation of the SCAS unit was identical to the Soap and Detergent Association procedure except the total volume was 2 liters instead of 1.5 liters. After the sludge was acclimated to the synthetic sewage feed (4) and the dissolved organic carbon removal efficiency remained at >70%, PAE and diethylene glycol feeding began, and then the draw-andfill procedure was maintained over a 3-week period. Each PAE was added to a single unit, using an acetone stock solution (<200,ul of acetone added) to provide a concentration of 1 mg/liter during week 1 and 3 mg/liter during weeks 2 and 3. When an acetone stock solution was not used, dispersion in the unit was very poor as determined by sample aliquots. During the 3-week draw-and-fill phase, 24-h SCAS PAE biodegradation was determined once each week in the middle of the week by analyzing a 50-ml aliquot from each unit after feeding of PAE and synthetic sewage and after a 23-h aeration period. The difference in concentration for the two aliquots was reported as percent biodegradation. At the beginning of week 3, the single unit was split into two units and the 24-h biodegradation in each unit was determined in the middle of the week. Dissolved organic carbon was measured in all units including the diethylene glycol control.
After the 3-week draw-and-fill period, the suspended solids in each of the two SCAS units were adjusted to 1,000 mg per unit (500 mg/liter), and enough PAE was added to bring the concentration to 3 mg/liter in the two units at the beginning of the 19-day die-away. Aeration was maintained and samples were taken on days 0, 1, 2, 3, 4, 5, 9, 12, 15, and 19 or until >90% degradation was observed on two consecutive sampling days.
Chemicals. Commercial samples of 12 PAEs (see Table 1 ) were supplied by U.S. manufacturers for testing. If more than one manufacturer produced the individual PAE, the PAE product provided was an equal-proportion blend. Before testing, the PAEs were analyzed to confirm that they were within commercial specification limits.
Analytical procedure. The extraction and analysis procedures of Saeger and Tucker (3) were used. Standard addi- 
